In order to realize an assist of independent life for people in need of care and relieve a physical burden for care worker, an active support splint driven by pneumatic soft actuator (ASSIST) to support a human arm has been developed. ASSIST is constructed with the appliance and the rotary-type soft actuator. Since a weight and hardness of device involve a danger of causing a serious accident for users or neighbors, this device is constructed with components which are a lightweight and have a mechanical softness. In this paper, the structure of developed device is described, and then the control method based on the center of pressure is proposed. Finally, the assist effectiveness using the proposed control method is experimentally discussed.
INTRODUCTION
Owing to a growth of advanced age society, it is predicted that a ratio of an elderly in a population will increase from current 20[%] to 36 [%] in 2060 [1] . In addition, an increase in a people in need of care is also predicted. Actually, a ratio of people in need of care in an elder population which was 10[70] in 2000 had increased to 15 [(70] in 2003 [1] . Thus a decrease in a young people who engages in a care worker and an increase in an elderly in need of care have become serious problem in Japan.
However, 30% elderlies in all ones in need of care have slight symptoms, then they can live independently if disabled physical functions are assisted. From above reasons, many kinds of power assist device have been developed [2, 3] . 3DOF robotic exoskeleton [2] of a floor type device can effectively assist a human upper limb according to an enough generated force. A wearable robotic orthosis [3] can support a working motion for a muscular weak human even if it is constructed with simple elements such as a spring-dumper system. However, a compatibleness of a weight, size and a function, a hardness of components are technical issues to improve an operationality and a human friendliness for preventing a serious accident for the users or neighbors. On the other hand, ASSIST [4] shown in Fig.1 has a high human friendliness according to constructing with a pneumatic soft actuator which has a flexibility of a material, a power source and a high power weight ratio. It is the main advantage for the medical or the welfare application that the developed device has a flexibility due to not only the power source but also the body of actuator. However, the developed ASSIST has to solve a technical issue about controlling a device based on a human intention to improve a maneuverability. In this pa- ASSIST is constructed with an appliance made by forming a plastic used as an interface between an actuators and a human body. The joint are put for restricting the movable angle of ASSIST under an average maximum bending angle of a Japanese male. In this section, the structure and the characteristics of components are discussed.
The rotary-type soft actuator for an elbow consists of a rubber tube and a polyester bellows as shown in Fig.3(a) . The outer and inner diameters and length of rubber tube are 20, 14, 290[mm], respectively as shown in Fig.3 Rotary-type soft actuator
Fig .5 shows the fundamental characteristics of actuator. Fig.5(a) shows the relation between inner pressure and bending angle under unloaded condition. Fig.5(b) shows the relation between bending angle and generated torque. The torque is calculated from the generated force of actuator fixed at each angle as shown in Fig.6 Fig .15 shows the experimental result. From the fi gure, since the center of pressure can be detected exactly, it is expected that ASSIST can be controlled using the center of the pressure. These results mean that the actuator can change the bending angle depending on the change of 6r. From the above, ASSIST can be operated by using the proposed control method. The effectiveness of ASSIST operated by the proposed method is discussed in the following. In this experiment, a subject bends an elbow under the load 3[kg] put on the forearm as shown in Fig.17(a) . ASSIST is put the load on the forearm appliance as shown in Fig.17(b) . Fig.18 shows the results. EMG signal is measured at a biceps muscle of the upper arm. Since the magnitude of EMG is decreased, a human who equips with ASSIST can bend the forearm by the less muscular force as compared with a human without ASSIST. 
